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(57) ABSTRACT 

A method for adjusting the power of a probe signal to be 
transmitted by user equipment to system equipment of a 
wireless communication system. The power of the probe 
signal is adjusted based on information received by the user 
equipment from the system equipment. The information is a 
local mean of RSS1 at the system equipment. The adjusted 
probe signal is transmitted and thus has an increased like- 
lihood of being detected by the system equipment. Also, the 
power available for transmitting the probe signal is used 
more efficiently when the probe signal is adjusted in accor- 
dance with the local mean information received by the user 
equipment from system equipment of the wireless commu- 
nication system. 

21 Claims, 6 Drawing Sheets 
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METHOD OF IMPROVING USER ACCESS the base station and the user equipment. In allowing the user 

PERFORMANCE BY ADJUSTING POWER to have access to the communication system, the system 

OF USER PROBE SIGNAL equipment identifies the user as a subscriber of the system, 

finds resources (e.g., communication channels, base station 
5 equipment) that can be made available to the user and allows 

BACKGROUND OF THE INVENTION the user to use (transmit/receive information) such resources 

in accordance with the protocol being followed by the 

1. Field of the Invention communication system. The Paging channel is a channel 
The present invention is generally related to a method of through which system equipment (e.g., base station) broad- 
improving a user's ability to gain access to a communication 1Q ca sts protocol information to users of the communication 
system and in particular to a method of adjusting the power system. The traffic channel is the channel used by the users 
of a user equipment probing signal to increase the likelihood to communicate with each other or with the system. The 
of detection by the communication system equipment. information conveyed through the traffic channel is, for 

2. Description of the Related Art example, voice, data, video, facsimile information or any 
Communication systems, and in particular, wireless com- 1S °^ CT information typically conveyed by users of commu- 

munication systems comprise a plurality of communication nication systems. The traffic channel consists of two chan- 

channels through which subscribers of such systems com- nels: the first channel is called the reverse link through 

municate with each other and with the system. A portion of which users transmit information which information is 

a typical wireless communication system is shown in FIG. received by the base station (or other system equipment); the 

1. The wireless communication system of FIG. 1 depicts a 2 o second channel is called the forward link through which the 

cellular system comprising cells (e.g., 102, 104, 106, 108) base station (or other system equipment) transmits informa- 

whereby each cell is a symbolic representation of the lion to a user. Each user has a forward link and a reverse link 

physical terrain or geographical region covered by commu- assigned by the communication system. In addition to the 

nication network equipment commonly known as cell sites other channels discussed above, some CDMA systems also 

or base stations (e.g., 110, 112, 114). Each base station has 25 have a P^ 01 cnanncl that is used to assist a user to obtain 

system equipment comprising radio equipment (i.e., access to the communication system, 

transmitter, receiver, modulator, demodulator) that are used The pilot channel is a channel through which the system 

to transmit and/or receive communication signals between a equipment broadcasts, on a continuous basis, a pilot signal 

base station and a user equipment. The system equipment that covers a certain area (e.g., cell area) of the communi- 

can also be located at places other than base stations. The 30 cation system. The pilot signal serves as a sort of beacon 

term "user" hereinafter is used interchangeably with the signal that assists users to obtain access to the communica- 

term "subscriber" to indicate an entity (i.e., person, facility tion system. The pilot signal is also one of several signals 

or a combination thereof) who is allowed access (when used by users to synchronize their timing to the timing of the 

possible) to the communication system. Access to the com- communication system. 

munication system is the ability of a subscriber to make use 35 A user initiates a request for access to the communication 

of the resources (e.g., system equipment, communication system by transmitting a protocol signal called a probe 

channels) of the communication system. The user equipment signal. The probe signal has two portions: the first portion is 

(e.g., 140 in cell 104) is typically a cellular phone or any called the preamble which is typically a repetitive signal 

other communication equipment that is used by a subscriber (i.e., a string of "0" bits or a string of "1" bits); the second 

of a communication system. For example, the user equip- 40 portion is a message portion containing protocol informa- 

ment can be a wireless portable computer or a pager. The tion. The preamble is the portion of the probe that allows the 

system equipment further comprises processing equipment base station (or other system equipment) to detect the probe, 

for retrieving information being carried by the communica- The probe signal once detected by the system equipment 

tion signals and for implementing procedures based on initiates a certain procedure (in accordance with a protocol 

communication protocols. A com munication pro to col is a set 45 being followed by the communication system) to provide 

of procedures or processes that dictate how communications access to the user that transmitted the probe signal. Prior to 

between users of the communication system is to be initiating the procedure, the system equipment transmits an 

initiated, maintained and terminated. The communication "acknowledge" (ACK) message to the user equipment indi- 

protocol also dictates the communications between a user eating to the user equipment that the probe signal has been 

and system equipment. Communication protocols are part of 50 detected. Once the user equipment receives the ACK mes- 

well known and established standards that are followed by sage it no longer transmits the probe signal and proceeds as 

operators of communication systems. per the protocol to obtain access to the communication 

Still referring to FIG. 1, each user communicates with a system, 
base station via a wireless communication link. For example In many cases the probe signal is not detected by the 
in cell 104, user 140 communicates with base station 114 via 55 system equipment. In such cases, the user equipment trans- 
communication link 156. Typically, each wireless commu- mils the probe signal repeatedly until it receives the ACK 
nication link comprises several communication channels. message. For each repeated transmission of the probe signal, 
For example, for a Code Division Multiple Access (CDMA) the power of the probe signal is increased by a system 
wireless system, the communication link comprises an defined amount hereinafter referred to as "A." A graph of the 
Access channel, a Paging channel and a Traffic channel. The 60 power of the probe signal versus time is shown in FIG. 2. 
Access channel is a channel through which user equipment Each probe is transmitted after a certain time interval t+T r> 
transmits protocol information to a base station. The proto- where % is a system defined time interval and % r . is a time 
col information is information used by the system equipment interval of random length for the I th probe signal. Thus, 
operate and/or control the communication system. For according to the graph of FIG. 2, the first probe has a power 
example, a user requesting access to the communication 65 of P a , the second probe has a power of P 2 , the third probe has 
system is allowed to use the communication system after a power of P 3 and so on. In general, the probe power can be 
various protocol information have been exchanged between expressed by the following equation: 
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(1) P^Po+Ai where the I th probe has power P ( - and the 
initial probe power is P 0 . P 0 is a system defined value 
that represents the initial probe power after having been 
modified based on the measured power of the pilot 
signal. 

The base stations are designed to simultaneously receive 
signals from a plurality of users. For example, base station 
114 in cell 104 not only receives the probe signal from user 
136, but also receives other signals from the other users 
(e.g., user 146, user 144, user 140, user 138) in cell 104. 
From the point of view of user 136, the signals from the 
other users adversely affect base station 114's ability to 
detect a probe signal from user 136. The signals from other 
users — from the point of view of user 136 — are interference 
that interfere with the detection of a probe signal from user 
136. Also, although base station 114 is designed to receive 
signals from users located in cell 104 (and other users who 
are subscribers to the communication system), it also 
receives signals from other sources which are not subscrib- 
ers of the communication system. The signals from these 
other sources are also interference; that is interference is any 
signal that is not from a subscriber of the system, but which 
is nonetheless received and detected by system equipment. 
The system equipment at base station 114 also generates 
what is commonly called thermal noise, which is a type of 
noise signal generated at base station 114; the thermal noise 
is created from electrical circuitry and other types of cir- 
cuitry located at the base station. The total power (from the 
various signals) received by base station 114 (as well as any 
other base station) due to user signals, interference and 
thermal noise is called the received signal strength indicator 
(RSSI). Therefore, the RSSI comprises two components, 
viz., interference and received user signals. 

In general, there are three main factors which adversely 
affect the base station's (e.g., base station 114) ability to 
detect a probe signal from a user such as user 136. The probe 
signal experiences what is commonly known as mean path 
loss which is signal attenuation due to the physical distance 
between a user and the base station receiving equipment; 
that is, the longer the distance, the higher the path loss 
experienced by the probe signal. 

The second factor is a phenomenon called "fading." The 
term fading generally relates to adverse effects on the probe 
signal (and other signals received by the base station) due to 
obstacles (buildings, towers and other tall structures) located 
between a user and the base station. A probe signal experi- 
ences different types of fading depending on the particular 
physical demographics of the terrain covered by a commu- 
nication system. One type of fading is commonly known as 
"Raleigh fading" and another type of fading is called "Log 
Normal fading" or shadowing. The fading phenomenon is 
manifested as amplitude (or power) variations in signals 
received by base station equipment. Fading is often graphi- 
cally depicted as signal amplitude (or power) vs. time as 
shown in FIGS. 3 and 4. FIG. 3 depicts a typical Raleigh 
fading curve; FIG. 4 depicts a typical Log Normal fading 
curve. Generally, as can be clearly discerned from FIGS. 3 
and 4, the variations in a signal's amplitude (or power) due 
to Raleigh fading occur more frequently than variations due 
to Log Normal fading. 

The third factor is a random variation in RSSI at the base 
station. This random variation is directly related to the 
random nature of subscribers gaining access or terminating 
usage of the communication system. The RSSI varies with 
time based on the number of users making use of the system 
at any particular time and reflects the fading characteristics 
being experienced by a particular base station. As discussed 
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earlier the different types of fading can be expressed in terms 
of power received by a base station. When the fading is 
graphically depicted as power vs. time and thus the varia- 
tions include the components of the RSSI, FIGS. 3 and 4 

5 become FIGS. 5 and 6 respectively. Therefore, FIGS. 5 and 
6 depict not only variations due to fading but also variations 
due to changing RSSI at a base station. 

As discussed earlier, the power transmitted by a probe 
signal is increased by a specific amount (see equation (1)) 

10 until the probe signal is detected by the base station. 
Whenever, a user equipment has to keep increasing its probe 
signal power level, the likelihood of the probe signal inter- 
fering with neighboring base stations increases. For 
example, referring to FIG. 1, in cell 104 user 136 because of 

15 its proximity to cell 102 may be transmitting a probe signal 
(to base station 114) that interferes with base station 110. 
Because of the variations in RSSI as shown in FIGS. 5 and 
6, the power level of the probe signal must be adjusted 
accordingly to increase the likelihood that the probe signal 

20 is detected by the base station. For example, the A amount 
of power added to the probe signal may not be enough for 
the base station equipment to detect the probe signal. In such 
a case the probe signal is unable to compensate for the 
increase in RSSI experienced by the base station. As a result, 

25 a number of probe signals have to be transmitted before 
detection, if ever, by the base station 114 occurs. In such a 
case, not only does such a probe signal is increasingly likely 
to interfere with a neighboring base station, but the user 
equipment has to wait for a relatively long period of time 

30 before it gains access to the communication system. 

The variations in RSSI may be such that the A power 
amount added to the probe signal may be unnecessarily high. 
In such a case an over adjustment is made to the probe signal 
and thus the user equipment is using its available transmis- 

35 sion power inefficiently. The probe signal, in such circum- 
stances need relatively slight adjustments for detection by 
the base station equipment. 

What is therefore needed is a method of adjusting the 
power of a probe signal such that the likelihood of such a 

40 probe signal being detected by system equipment is 
increased. What is also needed is a method that adjusts the 
power of a probe signal in an efficient manner. 

SUMMARY OF THE INVENTION 

45 The present invention provides a method for adjusting a 
probe signal to be transmitted by user equipment of a 
communication system so as to increase the likelihood that 
the probe signal is detected by system equipment of the 
communication system. The adjustment made to the probe 

50 signal is based on information about characteristics of 
signals received by the system equipment which information 
is transmitted to the user equipment from the system equip- 
ment. 

In particular, the method of the present invention com- 
55 prises the steps of receiving information about adjustments 
to be made to a probe signal that is to be transmitted. The 
adjustments are made to the probe signal based on the 
received information. The adjusted probe signal is then 
transmitted to the system equipment thus having an 
60 increased likelihood of being detected by the system equip- 
ment and the power available for the probe signal is used in 
a more efficient manner. 

In a preferred embodiment of the method of the present 
invention, the information represents a local mean of RSSI 
65 at the system equipment. The local mean is used by user 
equipment (e.g., cell phone) to adjust (increase or decrease) 
the probe signal's power level so as to substantially increase 
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the likelihood that the probe signal will be detected by the is altered based on the measured power level of the received 

system equipment (e.g., base station equipment) and also signal. For example, if the power level of the received signal 

enables the user equipment to use the power available for the is lower than a system defined threshold, it is an indication 

probe signal more efficiently. that the communication link (i.e., link 150) is adversely 

5 affecting the received signal. The power of the probe signal 

BRIEF DESCRIPTION OF THE DRAWINGS is increased accordingly to compensate for the adverse 

„ _ - , . 4 , £ j. c 111 effects. The adverse effects are typically mean path loss and 

FIG. 1 depicts a typical topology or part of a cellular channel fadin 
communication system; 

. . , r . , . ! . The addition of A may overcome the mean path loss and 

2 15 * ra P h of P robe sl S nal P° wer level versus Ume; 10 the fading effects but it is difficult, if not impossible, to 

FIG. 3 is a graph of amplitude or power of signals with over come the variations in RSSI due to users gaining access 

Raleigh fading characteristics received at a base station; or terminating usage of the communication system. Base 

FIG. 4 is a graph of amplitude or power of signals having station 114 is able to measure its RSSI at particular instances 

experienced Log Normal fading; 0 f time. More importantly, base station 114, as dictated by 

FIG. 5 is graph of RSSI having experienced Raleigh 15 the method of the present invention, calculates a local mean 

fading; of the RSSI. The local mean is a statistical averaging or 

FIG. 6 is a graph of RSSI having experienced Log Normal probabilistic averaging or arithmetic averaging of a certain 

fading; number of RSSI values. FIGS. 5 A and 6 A show the graph of 

r-T^'*-*- ™^ * i 1 c ,l noc-r t_ the local mean for a Raleigh fading RSSI and a Log Normal 

FIG. 5 A is FIG. 5 with the local mean of the RSSI shown; on - ,. no<-T *• i -n : t . j „ ^ 

20 fading RSSI respectively. Base station 114 broadcasts the 

FIG. 6Ais FIG. 6 with the local mean of the RSSI shown; local mean ^ a of protocol information which is 

FIG. 7 is the method of the present invention for the user received by user equipment 136. User equipment 136 

equipment; retrieves that portion of the protocol information for the 

FIG. 8 is the method of the present invention for system adjustment of.the probe signal, 
equipment. 25 Referring again to FIG. 7, in step 706, user equipment 136 

adjusts the power of the probe signal based on the portion of 

DETAILED DESCRIPTION lhe latest protocol information (i.e., local mean of RSSI) 

The present invention provides a method for adjusting a received from base station 114. In step 708, user equipment 

probe signal to be transmitted by user equipment so as to 30 136 transmits the adjusted probe signal over the appropriate 

increase the likelihood that such probe signal is detected by channel. In step 710, user equipment waits for the ACK 

system equipment of a communication system. The user message from base station equipment 114. In accordance 

equipment adjusts the probe signal based on information Wlth the IS ' 95 standard, user equipment 114 waits for a 

received from the system equipment. In a preferred system defined amount of time for the ACK message. If an 

embodiment, the information represents a local mean of 35 ACK message is detected, base station 114 has received and 

RSSI at the system equipment and thus probe signal's power detected the probe signal and therefore, user equipment 114 

is adjusted accordingly. As a result, the likelihood of the can continue to communicate with base station 114 to obtain 

probe signal interfering with other system equipment is access t0 the communication system, 
decreased and the power available for the probe signal is If an ACK message is not detected within the defined 

used in a more efficient manner. 40 amount of time, the method of the present invention moves 

Referring to FIG. 7, there is shown the method of the t0 ste P 7L2 where a A is added to the probe power. The 

present invention for user equipment. For the sake of sim- method of the present invention then moves to step 706 

plicity and for ease of discussion, the method of the present where user equipment 114 waits for the next broadcast of the 

invention is described in terms of a wireless cellular CDMA RSSI local mean 10 fa rther aa > st the P robe P ower * T^*. the 

communication system that complies with the well known 45 P rabe sl S Dal 1S ^ icd based on me latest received infor- 

IS-95 standard. It will be understood however that the - mation and is then transmitted. Firmware or software of the 

method of the present invention is applicable to other types user equipment can be modified to implement the method of 

of wireless communication systems. Again referring to FIG. the present invention. The method of the present invention 

1, user equipment 136 of cell 104 having base station 114 can also be implemented with well known digital and analog 

will be used to describe the method of the present invention 50 hardwar e that is part of the user equipment, 
for user equipment. Referring back to FIG. 7, in step 700, Referring now to FIG. 8 which shows the method of the 

user equipment 136 is activated (i.e., cell phone is switched present invention for system equipment (e.g., base station 

on). In step 702, the pilot signal being transmitted by base equipment). In step 800, the system equipment measure the 

station 114 is detected by user equipment 136. User equip- RSSI at specific instances of time. The system equipment 

ment 136 not only detects the pilot signal, but synchronizes 55 calculate a local mean of the RSSI as discussed previously, 

its circuitry to the pilot signal. The local mean information is inserted in the Access Param- 

In step 704, an initial power of probe signal is calculated eter message that is to be broadcast over the Paging channel 

by the user equipment. The initial power value is based on ^ P er the IS " 95 standard. In another embodiment of the 

a communication system defined value (or a value estab- method of the present invention, the local mean information 

fished by operator) and the mean input signal power of a 60 & formatted as a separate message called a short message, 

received signal (i.e., average of total power of received The short message is a message distinct from the Access 

signal). The received signal includes a pilot signal from a Parameter message and the System Parameter message. The 

base station of the cell within which the user equipment is short message, although not currently part of the IS-95 

located. The received signal may also include received pilot standard, represents another technique for conveying infor- 

signal from a base station of a neighboring cell. The power 65 mation about adjustments to be made to the probe signal, 
level of the received signal is measured by the user equip- In step 802, the system equipment broadcast a pilot signal, 

ment and the initial value of the power of the probe signal The system equipment also broadcast protocol information 
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over the various protocol messages, including the Access 
Parameter message containing the local mean information, 
and the System Parameter message. In a CDMA communi- 
cation system that complies with the IS -95 standard, the 
System Parameter Message and the Access Parameter Mes- 
sage broadcast by the system equipment are used by the user 
to obtain access to the communication system. In another 
embodiment, the short message is transmitted between 
transmissions of Access Parameter messages. The local 
mean information or other adjustment information is stored 
in the short message. It should be noted that the information 
broadcast by the system equipment need not be limited to the 
local mean of the RSSI. Other characteristics (e.g., signal 
amplitude, signal phase response, signal frequency content) 
of the signals received by the system equipment can be 
broadcast by the system equipment for use by user equip- 
ment to adjust the probe signal so as to increase the 
likelihood of the probe signal being detected by the system 
equipment. In general, the system equipment broadcast 
adjustment information used by the user equipment to adjust 
at least one characteristic of the probe signal. It should also 
be noted that the method of the present invention for system 
equipment can be implemented through software modifica- 
tion of the system equipment or through hardware modifi- 
cations or firmware modifications. After each broadcast of 
the adjustment information (e.g., local mean), the system 
equipment wait for a system defined period of time before 
another measurement and broadcast are performed. 
We claim: 

1. A method for adjusting a probe signal to be transmitted 
by a user equipment of a communication system, compris- 
ing: 

retrieving at least a portion of a latest protocol informa- 
tion received from the communication system, the 
latest protocol information including a local mean of 
radio signal strength indicator (RSSI) values of a 
system equipment serving the user equipment; and 

adjusting the probe signal based on the local mean. 

2. The method of claim 1, wherein said adjusting further 
includes 

transmitting the adjusted probe signal to the system 
equipment. 

3. A method for adjusting a probe signal to be received by 
system equipment of a communication system, comprising: 

broadcasting information that includes protocol 
information, the protocol information including a local 
mean of radio signal strength indicator (RSSI) values of 
the system equipment to be used for adjusting the probe 
signal; and 

receiving a probe signal that has been adjusted in accor- 
dance with said local mean within the protocol infor- 
mation. 

4. The method of claim 3, wherein said local mean within 
the protocol information is to be used to adjust a character- 
istic of the probe signal. 

5. The method of claim 3, wherein said broadcasting 
further includes: 

measuring a plurality of RSSI values of system equipment 

at different times; 
calculating a local mean of the RSSI values; and 
inserting the calculated local mean into information to be 

broadcast. 

6. The method of claim 5, wherein the communication 
system is a CDMA system that complies with the IS-95 
spectrum and the local mean is placed in an Access Param- 
eter Frame. 
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7. The method of claim 5, wherein the local mean is 
placed in a short frame. 

8. A method for adjusting a characteristic of a probe signal 
transmitted by user equipment of a communication system, 

5 comprising: 

receiving a latest protocol information from system equip- 
ment of the communication system, the latest protocol 
information including a local mean of radio signal 
strength indicator (RSSI) values of a system equipment 
10 serving the user equipment; 

retrieving the local mean from said latest protocol 
information, said local mean related to the character- 
istic of the probe signal; and 
!5 adjusting the characteristic of the probe signal based on 
the retrieved local mean. 

9. The method of claim 8, wherein said receiving further 
includes receiving a message containing said latest protocol 
information. 

20 10- The method of claim 9, wherein the communication 
system is a CDMA system that complies with the IS-95 
spectrum and the received message is an Access Parameter 
message. 

11. The method of claim 9, wherein the communication 
25 system is a CDMA system that complies with the IS-95 

spectrum and the received message is a short message. 

12. The method of claim 8, wherein said adjusting further 
includes transmitting the probe signal. 

13. The method of claim 12, wherein said transmitting 
30 further includes: 

waiting for an ACK message from the system equipment 

for a system defined amount of time; 
adjusting the probe signal based on the latest received 
protocol information. 
35 14. The method of claim 8, wherein said adjusting the 
characteristic further includes adjusting the probe signal's 
power based on the retrieved local mean. 

15. The method of claim 8, wherein said adjusting the 
characteristic further includes adjusting the probe signal's 

40 phase based on the retrieved local mean. 

16. The method of claim 8, wherein said adjusting the 
characteristic further includes adjusting the probe signal's 
frequency content based on the retrieved local mean. 

17. A method by which a user equipment adjusts calcu- 
45 lated transmit power for a probe signal prior to transmitting 

the probe signal to a communication system, comprising: 
retrieving at least a portion of a latest protocol informa- 
tion that is received from the communication system, 
said portion including a local mean of radio signal 
50 strength indicator (RSSI) values of a system equipment 
serving the user equipment; and 
adjusting calculated transmit power for the probe signal 
based on the received portion. 
5S 18. The method of claim 17, wherein a value of the local 
mean informs the user equipment as to whether to increase 
or decrease transmit power used for transmitting a subse- 
quent probe signal. 

19. A method by which a user equipment transmits a 
60 probe signal to a communication system, comprising: 

adjusting calculated transmit power for the probe signal 
based on at least a portion of a latest protocol infor- 
mation received from the communication system, said 
portion including a local mean of radio signal strength 
65 indicator (RSSI) values of a system equipment serving 
the user equipment; and 
transmitting the probe signal at the adjusted power. 
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20. The method of claim 19, wherein a value of the local 
mean informs the user equipment as to whether to increase 
or decrease transmit power used for transmitting a subse- 
quent probe signal. 

21. A method of sending protocol information containing 5 
data that enables a receiving user equipment to adjust 
transmit power at which it transmits a probe signal, com- 
prising: 
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inserting an access parameter message containing a local 
mean of radio signal strength indicator (RSSI) values of 
a serving system equipment into the protocol message; 
and 

transmitting the protocol information to the user equip- 
ment. 

***** 
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